The feeding ecology of pemecou sea catfish (Sciades herzbergii) was studied bimonthly from September 2003 to July 2004 in a macrotidal mangrove creek at Curuçá estuary, Brazil. Feeding activity and relative importance of prey groups were assessed in 528 and 226 specimens (6.2 to 36.0 cm total length), respectively, using stomach contents. A total of 1 820 specimens were caught. The fish left the creek with an average of 2.2 % of their body weight in prey. Feeding activity was lower in the dry season (September and November 2003) than in the rainy season (January to May 2004). The diet was dominated by Ocypodidae and Grapsidae. Feeding strategies of the pemecou sea catfish indicated a slight variation between the diets of adults and juveniles; however; the main factor leading to diversification in the diet were the seasons. Opportunistic feeding behavior was observed in the dry season, shifting to more specialized feeding in the wet season. This temporal diet shift may be explained by the environmental seasonal variations (e.g. transparency of the water, high water level) in the intertidal mangrove creek habitat. Rev. Biol. Trop. 56 (2): 861-873. Epub 2008 June 30.
Ariids are medium to larger-sized demersal catfishes, mostly inhabiting estuarine and marine environments in tropical and sub-tropical regions (Acero and Betancur 2007) , and are an important component of many tropical fisheries (Darracott 1977 , Tobor 1978 , vasudevappa and James 1980 , Conand et al. 1995 . The pemecou sea catfish, Sciades herzbergii (Bloch 1794), is distributed along the Atlantic coast from the Caribbean coast of Colombia to Northeast Brazilian coast (Sergipe) (Oliveira 1976, Froese and Pauly 2007) . The species inhabits the brackish turbid waters of estuaries (Le Bail et al. 2000) . On the Northern coast of Brazil, S. herzbergii is an abundant species in the intertidal mangrove habitat (Barletta et al. 2003 , Krumme et al. 2004 , Giarrizzo and Krumme 2007a and is an important resource both for the subsistence and the economy of the local population. Usually the artisanal fishermen capture the pemecou sea catfish in first order intertidal mangrove creeks using non-selective fishing methods such as block nets (mesh size 3 cm) or fish trappings, thereby causing an adverse effect on fish recruitment (Giarrizzo and Krumme 2007b) .
Although pemecou sea catfish is an important fishery resource along the Brazilian coast, information on its biology and ecology is still lacking. The purpose of the present study is to describe the feeding ecology of pemecou sea catfish, by examining the ontogenetic and seasonal shift in diet in a macrotidal mangrove creek in the Curuçá estuary.
MATERiALS AND METHODS

Study area:
The present study was carried out in a mangrove tidal creek in the Curuçá estuary, approximately 160 km northeast of Belém, Pará, Northern Brazil (0°10´ S, 47°50` W). This estuary has been designated as a conservation unit and is relatively undisturbed. The area is characterized by well-developed mangrove forests dominated by Rhizophora mangle (L.), Avicennia germinans (L.), and fewer Laguncularia racemosa (L.) .
Average precipitation on the estuary is 2 526 mm (ANA 2006; n= 16 years, range: 1 085-3 647 mm). Tides are semidiurnal and tidal amplitude in the estuary is about 4 m. The whole mangrove swamp is inundated at high tide for only a few hours during spring tide. Samples were collected in a first order tidal creek located in the upper estuary at 1.2 km from Curuçá city. The perimeter, length and area of this creek is 777 m, 277 m and 20 000 m 2 respectively. The surface sediment of the inundated area is composed mostly of clay and silt, but there is also bedrock in the mouth of the creek.
Sampling: Samples were taken bimonthly between September 2003 and July 2004 from a tidal creek during the first quarter lunar phase, using a fyke net. This fishing gear is a passive sampler composed of two wings (20 m long, 6 m deep, with 20 mm stretch-mesh) and a hoopnet (with 13 mm stretch-mesh). The fyke net was set at the mouth of the creek at daytime slack high water (HW). in order to limit the regurgitation and digestion rates, during the tidal reflux (6 hours on average), every 15 minutes the fyke net was lifted to collect fish.
For each sampling event, salinity (salinity refractometer) and water transparency (Secchi disc) were recorded every 30 minutes in the mouth of the intertidal creek during ebb tide. The high water level was measured with a ruled stake placed in the thalweg of the creek downstream close to the net. The topography of the creek was surveyed (GPS, compass, tape measure) and a GiS map was generated.
The inundated area (m 2 ) for a medium neap tide event was quantified for the creek using ArcGiS. Thus, catch weights and abundance were standardized to biomass (g m -2 ) and density (ind. m -2 ), respectively.
Diet analysis:
All specimens were measured to the nearest 0.1 cm total length (TL), and weighed to the nearest 0.01 g wet body weight (BW). The catalogue number of voucher specimens is MPEG12653 (Museu Paraense Emilio Goeldi, Belém, Pará, Brazil). At least 60 individuals were randomly taken from the total bimonthly catch to assess feeding activity. Subsequently, a minimum of 20 specimens with food in the stomach were picked for stomach content analysis. After dissection, the stomach contents of each fish were weighed to the nearest 0.01 g (stomach content fresh weight, FW). To measure which proportion of the fish weight was actual food consumed, the fullness index (%Fi) was calculated following the formula defined by Hynes (1950) :
The number of empty stomachs was counted and the vacuity index (%vi) was calculated: %vi = (Total of empty stomachs / Total amount of stomachs analyzed) × 100
As an indicator of energy storage, the Fulton's condition factor (K) of each specimen (n= 528) was calculated from the relationship:
where EW is the eviscerated wet body weight (g).
The assumption of isometric growth with the constant equal 3 (Bolger and Connolly 1989) was examined for the 528 specimens and no significant difference was detected with the allometric coefficient (b) of length-weight relationship (b ± SE= 3.005 ± 0.036, r 2 = 0.93, Student's t-test: p= 0.44).
Stomach contents were preserved in 70 % ethanol solution and were examined under a binocular microscope. Prey found in the mouth cavity and the esophagus were excluded from the analysis because ingestion may have occurred in the net. Food items were identified to the lowest taxon possible using standard taxonomic keys (Melo 1996 , Boltovskoy 1999 . Number and wet weight of food items were registered to the nearest 0.0001 g, after removal of surface water by blotting on absorbent paper. The contribution of each prey to the diet was assessed through three indices: (i) percentage frequency of occurrence (F) represents the number of stomachs in which a food item was found, expressed as the percentage of total number of non-empty stomachs; (ii) percentage numerical abundance (N) considers the number of individuals in each food category expressed as a percentage of the total individuals in all food categories; (iii) percentage gravimetric composition (W) represents the total wet weight of a food category expressed as a percentage of the overall weight of stomach contents. in order to synthesize these three indices, the index of Relative importance (iRi) of Pinkas et al. (1971) , as modified by Hacunda (1981) , was performed:
The index was expressed as a percentage for each prey item:
To assess for possible changes in diet with respect to size, fish were divided into two size-classes according to the gonad inspection: juveniles (TL< 16 cm) and adults (TL≥ 16 cm). Feeding strategies between seasons (dry and wet) and size classes were analyzed following the graphical method of Costello (1990) , modified by Amundsen et al. (1996) . in this method, the prey-specific abundance (P i ), defined as the average gravimetric contribution of a food item (only for pemecou sea catfish individuals that had this food item in their stomach), was plotted against the frequency of occurrence (F).
Statistical analysis:
Bimonthly length frequency distributions were compared using a two-sample Kolmogorov-Smirnov test (KS). The bimonthly variation of %Fi was tested by the non-parametric Kruskal-Wallis test (KW) followed by Dunn's (D) non-parametric procedure for a simultaneous post-hoc comparison (Sokal and Rohlf 1995) . Pearson's productmoment-correlation analysis was performed with environmental parameters (salinity, water transparency and level at high water) and mean data of %Fi and K. The data matrix of iRi values of family diet components for sample and size classes were square root transformed (Platell and Potter 2001) and the similarity was calculated using the Bray-Curtis similarity index (Marshall and Elliott 1997) . A hierarchical agglomerative cluster analysis (using complete linkage) was performed to describe similarities in feeding habitats with regard to size classes and between months. The null hypothesis that there are no differences between seasons and size classes in diet composition was tested using non-parametric 'permutation' (two-way crossed analysis of similarities -ANOSiM) (Clarke and Green 1988) . Multivariate analyses were performed using the statistical package PRiMER (Clarke and Warwick 1994) .
RESULTS
Environmental parameters:
There were notable seasonal patterns in average environmental conditions among the sampling months ( Fig. 1 ). in the rainy season, from January to May, the salinity averaged 13.9 (SD= 7.4), and in the dry season, from July to November, salinity increased to 27.2 (SD= 3.1) (Fig. 1A ). Depth at high water was lowest in the dry season (min: 3.1 m in November) and highest in the early wet season (max: 3.6 m in January) (Fig. 1B) , due to the increasing runoff of precipitation. Mean water transparency was highest in the dry season (max: 0.8 m in November) and in the early wet season (January), and lowest in the wet season (min: 0.4 m in March) and early dry season (July) (Fig. 1C) .
Population: A total of 1 820 specimens of S. herzbergii were captured. Mean fish density and biomass (± SD) of S. herzbergii was 0.02 ± 0.01 ind. m -2 (range: 0.01 to 0.03) and 0.48 ± 0.41 g m -2 (range: 0.01 to 1.01), respectively. The abundance was highest in the early dry season (July 2004; N= 613) and lowest in November 2003 (N= 162). Total lengths ranged from 2.7 cm to 36.0 cm. Significant differences were found in the TL of individuals between different months (KS test, p< 0.01) (Fig. 2) . in September and March the recruitment of young occurred and, in the beginning of the rainy season (January), with low levels of salinity, larger post-spawning individuals (TL mean ± SD= 21.1 ± 5.7 cm) colonized the creek.
Feeding activity: Of the 528 stomachs examined, 72 (13.6 %) were empty. The vacuity index was higher in the dry season (September and November 2003) than in the rainy season (January to May 2004) (Fig. 3) . The minimal quantity of ingested food occurred in November (mean %Fi ± SD= 1.5 % ± 1.6) and the maximum in March (mean %Fi ± SD= 3.2 % ± 2.2) (Fig. 3) . The %Fi follows an inverse trend to %vi. The specimens of S. herzbergii left the mangrove creek with an average of 2.2 % (SD= 2.4) of their body weight in prey. The fullness index was significantly different between the months (KW test, p< 0.001). The specimens collected in September and November showed %Fi values significantly lower than in the remaining months (Dunn test, p< 0.05). Furthermore, %Fi was significantly greater in March than in July (Dunn test, p< 0.05).
The bimonthly mean %Fi values were inversely correlated with water transparency (r 2 = 0.89, p< 0.01), but independent from salinity and depth at high water (r 2 < 0.64, p> 0.05).
The average Fulton's condition factor of S. herzbergii was 0.77 (SD= 0.11). The bimonthly fluctuation in mean K-values showed a clear seasonal pattern, with highest values in the wet season and lowest in the dry season (Fig.  4) . No significant correlations were observed between the K and the environmental parameters recorded (r 2 < 0.63, p> 0.05). Composition of the diet: The stomachs of the 226 pemecou sea catfish contained 1 343 identifiable individual prey items. The mean number of prey per stomach was 5.9 (SD= 11.4) and the mean prey weight per stomach was 0.69 g (SD= 1.35). in the stomach contents, a total of 41 diet components were observed, of which 27 were present in 5 % of the stomachs. The diet of S. herzbergii consisted primarily of benthic crustaceans (mainly Ocypodidae and Grapsidae crabs and gammarid amphipods), polychaetes (mostly Capitellidae) and insects (mainly unidentified Insecta larvae) and secondarily of a variety of crabs (Porcellanidae, Portunidae and Goneplacidae), shrimps (Palaemonidae, Penaeidae and Alpheidae), mollusk (Mytilidae and Littorinidae), Teleostei and vegetal material.
Frequency, abundance, biomass and iRi values of different prey items found in the stomachs are shown in Table 1 . The most frequent prey ingested were Ocypodidae (67.3 %), Grapsidae (59.7 %), Gammaridae (15.9 %), and insecta larvae (10.6 %). Ocypodidae and Grapsidae were the most abundant prey (26.6 % and 22.7 % respectively) followed by Capitellidae (19.7 %) and Gammaridae (10.6 %). The major contributions in terms of biomass were attributed to the families Grapsidae (56.8 %) and Ocypodidae (27.7 %). According to the %iRi, only two items represented more than 80 % of the diet: Ocypodidae (44.2 %) and Grapsidae (39.7 %). The most important Ocypodidae and Grapsidae species were Uca cumulanta Crane 1943 (%iRi= 27.4 %) and Aratus pisonii Milne Edwards 1837 (%iRi= 9.4 %), respectively.
Ontogenetic and temporal shift in diet:
The hierarchical agglomerative cluster analysis of iRi matrix differentiated, with a similarity of 65 %, four main groups ( Fig. 5A ): group 1, adult specimens taken in the dry season (September and November); group 2, specimens of both class sizes collected in the wet season (January, March and May); group 3, specimens of both class sizes collected in the early dry season (July); and group 4, juvenile specimens collected in the dry (September and November) and wet (May) seasons.
The most important prey taxa of group 1 were Grapsidae (mean %iRi ± SE= 47.9 % ± 1.2), and Ocypodidae (34.6 % ± 7.4) (Fig. 5B) . A strong specialization was found in group 2 where Grapsidae accounted for 71.7 % ± 5.0. However, a diet switch was observed in July (group 3) through an increase in prey diversity and dominance by amphipods (34.8 % ± 10.6). The high contribution of Ocypodidae (67.8 % ± 3.5) in the diet of juveniles differenced group 4 from all the other groups.
The two-way ANOSiM detected significant differences in the composition of diet between seasons (Global R-statistic value = 0.67, p< 0.05), but not between size classes (Global R-statistic value = 0.09, p> 0.05).
Feeding strategy: The comparison of feeding strategies within the S. herzbergii population indicated a mixed feeding strategy, with varying degrees of specialization and generalization for different prey types (Fig.  6) . The adult fish collected during the dry season showed a specialized feeding behavior dominated by Grapsidae (P i = 91 %, F= 47 %) and different Brachyuran crabs (P i = 75 %, F= 32 %) (Fig. 6A) . The high occurrence and lower average contribution to the stomach contents for Ocypodidae, showed a relatively high Fig. 6 . Seasonal and ontogenetic variation of feeding strategy of S. herzbergii analysed by the graphic method of Amundsen et al. (1996) . See Table 1 for abbreviations of major food categories.
within-phenotype component, indicating a generalized feeding strategy. in the adults from the wet season, Grapsidae and Ocypodidae were the most frequent food item (Fig. 6B ). They were ingested in 94 % and 71 % of stomachs, respectively, and accounted for 62 % and 29 % of the average contribution to the stomach weight, respectively. All other prey taxa constituted a small fraction of the weight of few stomachs (F< 25 %).
During the dry season, the juveniles had a wide range of feeding strategies. Palemonidae and Penaeidae shrimps and different Brachyuran crabs had a low frequency of occurrence and a high average contribution to the stomach weight, indicating a strong individual specialization (Fig. 6C) . During this time, more than 40 % of the analyzed fish fed mainly on Grapsidae and Ocypodidae crabs, showing a tendency for specialization. Low average contribution to the stomach weight for some prey taxa (Amphipoda, Polychaeta, insecta) indicated a generalized feeding strategy. in the juveniles from the wet season, numerous rare prey taxa ingested in less than 15 % of analyzed individuals indicated an opportunistic feeding behavior (Fig. 6D) . However, the Ocypodidae and Grapsidae crabs found in 57 % and 59 % of stomachs, respectively, and accounted for 42 % and 77 % of the average contribution to the stomach weight, respectively, suggested different degrees of specialization.
DiSCUSSiON
Population characteristics: The high density of different size classes of pemecou sea catfish found in the area of this study suggest that intertidal mangrove creeks are breeding, nursery and feeding ground habitats for S. herzbergii. This is mainly attributable to: the high productivity of the system (Clough 1998, Dittmar and Lara 2001) , accumulation of invertebrates (Robertson 1984 , Laegdsgaard and Johnson 1995 , Koch 1999 , the lower risk of predation due to the structural heterogeneity of mangrove habitats (Thayer et al. 1987, Laegdsgaard and Johnson 1995) , and the high turbidity of water (Cyrus and Blaber 1987, Krumme et al. 2004) . Juveniles of S. herzbergii are present in the intertidal mangrove creeks throughout the year with recruitment in September and March, emphasizing the existence of two reproduction cycles per year. Similar patterns have been found for the same species in French-Guyana (Le Bail et al. 2000) and Ceará (Chacon et al. 1994) . in November, with the rapid increase in salinity (average 30.5), there is a reduction of population density attributed to migration toward the upper estuary where there is some input of marine waters (local informants pers. comm.).
Feeding activity:
The fullness index with a high average value (2.2 %) suggests that feeding is a determining factor controlling S. herzbergii tidal migration into the mangrove. This is consistent with previous results for the same species from the Caeté estuary (Krumme et al. 2004) .
Bimonthly variations in feeding activity show an increase in the fullness index during the wet season and a decrease in the dry season. Similar trends are observed in the temporal variation of Fulton´s condition factor, indicating that the wet season provides better conditions for feeding and increasing energy reserves. Considering that total epifaunal crustacean production remains approximately constant between the seasons (Koch 1999) , the oscillation of feeding activity can be explained by changes in environmental factors. The increase in the transparency of the water in the dry season is primarily responsible for improving the visibility of brachyuran crabs and optimizing their antipredator defenses, causing a decrease in the feeding activity of S. herzbergii. Another possible explanation is that prey are more available during the wet season when the tide is higher, increasing the inundation area accessible for intertidal fish. A similar pattern has been observed for other benthophage fish species in the same habitat; e.g. Centropomus pectinatus Poey 1860, Colomesus psittacus (Bloch and Schneider 1801); T. Giarrizzo unpubl. data, and for Periophthalmus sobrinus Eggert 1935 in a Kenyan mangrove (Colombini et al. 1996) .
Diet and feeding strategy:
Similarly to other Ariidae, pemecou sea catfish ingest prey whole, do not have a nipping feeding behavior, and feed mainly on crustaceans (Harris and Rose 1968) . Krumme et al. (2004) reported that S. herzbergii is a mostly diurnal forager that preys on small brachyuran crabs and polychaetes. The mouth of S. herzbergii is subterminal, allowing it to select food consisting mainly of benthic invertebrates. The large contribution in number, biomass and iRi of brachyuran crabs suggests that S. herzbergii is an active benthic feeder that attacks its prey mainly in the soft bottom of the creek. This hypothesis is confirmed by characteristic marks observed at low tide in the mud of intertidal bank of creeks (pers. obs.) indicating predation of Ocypodidae crabs.
The dominance of Ocypodidae and Grapsidae crabs ingested by S. herzbergii presumably reflects the large number of these crustaceans within the intertidal region. According to Koch (1999) the Ocypodidae crabs represent more than 90 % of biomass and abundance of epifaunal species in the intertidal mangrove habitat.
The ingestion of semi-terrestrial crabs [e.g. Uca vocator (Herbst 1804) and Uca rapax (Smith 1870)], restricted to elevated forest areas (Koch 1999) , also suggests that feeding activity of S. herzbergii occurs with the high tide, when this habitat is more accessible. The high predation of S. herzbergii on tree-climbing crabs (e.g. A. pisonii) can be explained by the large numbers of these crabs in the R. mangle stilt roots during the hottest hours of the day, when slack high water occurs. The tree-climbing crabs frequently drop into the water to protect themselves from desiccation, thereby increasing the predation risk by S. herzbergii.
All methods of analysis of the dietary data of S. herzbergii [cluster analysis, ANOSiM, graphic method of Amundsen et al. (1996)] show pronounced seasonal shifts from generalist to specialist. For instance, in the wet season S. herzbergii mainly consume brachyuran crabs. The high water turbidity favors this species hunting through the use of their sensorial barbells, particularly efficient to locate prey in muddy waters. The hierarchical agglomerative classification indicates a slight variation in the diet of adult and immature individuals. This feeding overlapping suggests that both these size classes share the abundant food resources (brachyuran crabs) without competition (Murie 1995) .
Future research directions:
Given the significant social -economic value of pemecou sea catfish for local people and when considering the spawning, nursery, and feeding functions of the intertidal mangrove creeks, caution should be taken in developing block net fisheries in this region. inappropriate fishing practices could lead to local depletions of this fish.
The findings of this study are a fundamental step in developing multi-species assessment approaches, which are of urgent importance in the implementation of management strategies for the preservation of these natural habitats, and the promotion of sustainable fishing practices. Further research is needed on the investigation of the feeding activities of S. herzbergii under different environmental conditions [i.e. geographic location, time of day (day/night), tide (spring/neap tide) and tidal cycle (flood/ ebb tide)] while considering correlations to the availability of benthic invertebrates.
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RESUMEN
Estudiamos la ecología trófica del bagre guatero Sciades herzbergii, con periodicidad bimestral, desde septiembre de 2003 a julio de 2004, en un canal de marea del estuario del río Curuçá, norte de Brasil. Del total de 1820 ejemplares capturados, analizamos la actividad alimentaría y la importancia de las diferentes fuentes de alimento por evaluación de los contenidos estomacales de 528 y 226 ejemplares (longitud corporal 6,2 a 36,0 cm), respectivamente. S. herzbergii sale del canal de marea con un valor promedio de 2,2 % de su peso corporal como alimento. El ritmo alimentario fue menor durante el período seco (septiembre a noviembre de 2003) que en el lluvioso (enero a mayo de 2004). Los análisis de los contenidos estomacales de 226 ejemplares indicaron una dieta con predominio de Ocypodidae y Grapsidae. Las estrategias alimentarías de S. herzbergii mostraron pequeñas diferencias entre las dietas de los adultos y de los jóvenes, pero la variación estacional fue el factor que mejor definió la diversificación de la dieta. En el período seco hubo un comportamiento oportunista en la alimentación, cambiando a una dieta mas especializada durante el período lluvioso. Esta variación temporal en la dieta corresponde con la variación estacional en los hábi-tats del canal de marea.
Palabras clave: Sciades herzbergii, estrategia alimentaria, Ariidae, manglar, contenidos estomacales, Ocypodidae, Grapsidae.
